C ervical radiculopathy (CR) is an affliction of a cervical spinal nerve root, most commonly caused by a cervical disk herniation or other space-occupying lesion (eg, osteophytic encroachment associated with cervical spondylosis), that may result in nerve root impingement, inflammation, or both. 1,2 CR as a direct result of cervical trauma or metastases is infrequent. 3 The most common level of nerve root compression is C7, followed by C6; compression of C5 and C8 roots is less frequent. 1, 2, 4 The clinical diagnosis of CR is based on the presence of neck pain referred to the arm, associated with upper extremity paresthesia or numbness and accompanied by signs of nerve root compression. 5 Diagnostic imaging (eg, magnetic resonance imaging) and electrophysiological testing (eg, nerve conduction velocity, electromyography) are commonly used to confirm the clinical diagnosis of CR.
There are no widely accepted, well-defined clinical criteria for the diagnosis of CR. Terms such as cervicobrachial pain, cervicobrachial syndrome, CR, and neck and arm pain are often used as synonyms. 5 It has been suggested that radiculopathy should be differentiated from radicular pain because radiculopathy describes a neurological condition characterized by motor and/ or sensory dysfunction that is caused by a conduction block along a spinal nerve or its root. However, radicular pain and radiculopathy can occur together. 6 This review considered CR as an overarching classification.
The prevalence of CR is reported as 3.5 per 1000 people 7 and the annual incidence from 83 cases 7 to 210 cases 1 per 100,000 people, with a peak from 50 to 59 years. The rate of recurrence has been reported as 32% over a period of 4.9 years. 1 A recent systematic literature review of the natural course of CR concluded that substantial improvements tend to occur within the first 4 to 6 months after onset; the time to complete recovery ranges from 24 to 36 months; and recovery is generally maintained over 2 or 3 years. 8 Combined neck and arm pain seem to be much more disabling than either symptom alone. Chronic symptoms lasting more than 6 months have a negative impact on overall mental health, significantly greater than in cases of less symptom duration. 9 Management of CR can be surgical or conservative. There is low-quality evidence that surgery may provide pain relief faster than physical therapy or hard-collar immobilization in CR, but there is little or no difference in the long-term. 10 Surgery may be associated with a 4% adverse events rate. 11 Therefore, conservative management is the initial treatment of choice for most patients with CR, even though patients should be referred to a spine surgeon in the presence of intractable radicular symptoms unresponsive to nonoperative management over a 6-week period, motor weakness persisting for more than 6 weeks, progressive neurologic deficit at any point after symptom onset, signs or symptoms of myelopathy, and spinal instability or deformity. 12 Therefore, studies of conservative management are critical to understanding the first line of intervention for this condition.
Conservative management includes invasive and noninvasive techniques. Relative to invasive treatments, there is some evidence on the effectiveness of injection therapy 13 and acupuncture. 14 Noninvasive therapy includes different procedures performed by physical therapists, such as cervical traction, postural education, exercise, and manual therapy applied to the cervical and thoracic spine. These different procedures are often used in a multimodal approach to intervention. 15, 16 In recent years, 2 systematic reviews 17, 18 evaluated the effectiveness of noninvasive treatments in CR. According to their results, there was inconclusive evidence for the effectiveness of noninvasive management, and no intervention seemed to be superior or consistently more effective than other ones. Nonetheless, cervical traction (CT) is still frequently recommended for patients with CR, and it is often used as an adjunct modality in outpatient rehabilitation. 19 It may be applied mechanically or manually, intermittently or continuously. 20 The physiological effects of CT may include separation of vertebral bodies, movement of facet joints, expansion of intervertebral foramen, and stretching of soft tissues. 19, 20 To date, no systematic review has evaluated the effectiveness of cervical traction combined with other physical therapy procedures in CR. For this reason, we recognized the need of a systematic review and meta-analysis of randomized controlled trials (RCT) to investigate the effects of manual and mechanical cervical traction combined with other physical therapy procedures versus nontraction-related physical therapy procedures alone on pain and disability in adults with CR.
Methods

Data Sources and Searches
Our literature search was aimed at identifying all available studies that evaluated-in adults with CR-the effects of manual and mechanical cervical traction combined with other physical therapy procedures versus physical therapy procedures alone on pain and disability. Records were identified by searching multiple literature databases, including Cochrane Controlled Trials Register, MEDLINE, CINAHL, Scopus, ISI Web of Science, and PEDro, from their inception to July 2016. Several keyword combinations were used together:
• For localization: cervical, neck
• For dysfunction and symptoms: "radicular syndrome," radiculopath*, "nerve root pain," neuropath*, "nervous system disease," "cervicobrachial pain," "nerve root injuries," "radicular pain," "neck pain," "cervical pain," "arm pain," "nerve pain," "herniated disc," hernia, "neurologic manifestation"
• For treatment: traction, physiotherapy, "physical therapy," "manual therapy"
Additional records were searched through other sources to complement the database findings; manual search of reference lists of relevant literature reviews and indexes of peer reviewed journals were used.
Two review authors (V.B., M.R.) independently conducted study selection and data extraction. All results, including title, abstract, and references, were imported to Endnote Web (Endnote basic; EndNote/Clarivate Analytics, Philadelphia, Pennsylvania) to search for and delete duplicates. Then titles, abstracts, and full texts were independently screened and thoroughly analyzed, to verify their correspondence with the inclusion criteria. Two experts (A.R., C.V.) were consulted in the case of persisting disagreement.
Study Selection
Types of studies. We included published RCTs without any restrictions on publication date or language. Quasi-RCT and nonrandomized controlled trials were excluded. Among RCTs, only trials with nontraction physical therapy procedures alone as a control or a comparison group were considered for inclusion in the study. A summary of the characteristics of the selected studies can be found in Table 1 .
Types of participants.
Data Extraction and Quality
Two authors (V.B., A.R.) independently evaluated the selected articles based on the PEDro score. Reviewers were not blinded to information regarding the authors, the journal of origin, or outcomes for each reviewed article. Disagreements were resolved by a third reviewer (P.P.). Papers were not excluded based on the PEDro score. A PEDro score is composed of 11 questions addressing the main methodological characteristics of an RCT. The maximum possible score is 10, given that the first question (external validity) does not contribute to the final score. A PEDro score is a valid measure of methodological quality of clinical trials. 22, 23 
Data Synthesis and Analysis
Data were synthesized using a meta-analytic method based on a random effects model due to the significant heterogeneity of the included studies and due to this method accounting for both within-study and between-study variance. This approach weights studies by the inverse of the variance and incorporates heterogeneity into the model. 24 All effect sizes were computed using the Hedges g statistic. Hedges g is an inferential measure that assesses the magnitude or size of differences between 2 groups, not the statistical significance of the difference, which is influenced by sample size. We used Hedges g because it incorporates a small sample bias correction. 25 ProMeta v. The Q and I-square statistics were used to assess heterogeneity among studies. The Q statistic has low power as a comprehensive test of heterogeneity, 28 especially when the number of studies is small (ie, most meta-analyses). Conversely, the Q statistic has too much power as a test of heterogeneity if the number of studies is large. 29 A significant Q value indicates a lack of homogeneity of findings of studies. Following the approach of Higgins and Thompson, 29 heterogeneity was qualified as low (25%-50%), moderate (50%-75%), or high (75%). The potential publication bias was assessed using the Egger t test.
A qualitative analysis to evaluate the overall quality of the evidence was planned 30 and independently conducted by 2 authors (L.B., P.P.) using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. 31 GRADE is a systematic and explicit approach to making judgments about quality of evidence and strength of recommendations. Using GRADE, we • High-quality evidence. Further research is very unlikely to change our confidence in the estimate of effect. At least 75% of the RCTs with no limitations of study design have consistent findings, direct and precise data, and no known or suspected publication biases. All domains are met.
• Moderate-quality evidence. Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. One of the domains is not met.
• Low-quality evidence. Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Two of the domains are not met.
• Very-low-quality evidence. Any estimate of effect is very uncertain. Three of the domains are not met.
• No evidence. No RCTs were identified that addressed this outcome. Meta-analysis for mechanical cervical traction (pain) (A), meta-analysis for mechanical cervical traction (disability) (B), meta-analysis for manual cervical traction (pain) (C). ES = effect size, sig. = significance, W = weight.
Results
We identified 22,019 studies through database searching. No additional eligible studies were identified through other sources. After duplicates were removed and titles and abstracts of all remaining unique articles were screened, there were 11 full-text articles that needed to be assessed to verify their eligibility for inclusion in the present study. Ultimately, 6 of them were excluded for various reasons (Fig. 1) , resulting in 5 studies selected for this review. [33] [34] [35] [36] [37] All 5 studies were eligible for quantitative synthesis by pooling their data for meta-analysis. Three studies 34, 35, 37 analyzed the effect of the mechanical cervical traction combined with physical therapy procedures versus physical therapy procedures alone, and 1 study 36 evaluated the effect of the manual cervical traction combined with other physical therapy procedures versus physical therapy procedures alone. One study evaluated the effects of both manual and mechanical traction. 36 All studies evaluated pain, and 4 of 5 studies 33-35,37 also evaluated disability. All studies had short-term follow-ups for both outcomes, and 2 of them 34,35 also had mid-and long-term follow-ups.
Overall, the 5 included studies from Africa (Egypt, Tunisia), America (United States), and Asia (Turkey) were published from 2009 to 2014. The number of patients who were enrolled and completed baseline assessments was 449 (range = 27-216), with a mean sample size of 90 participants. The mean age of the study participants was approximately 44 years.
All studies used intermittent traction, with the number of sessions ranging from 7 to 15, and duration of application from 15 to 50 minutes. The starting position was a pain-free position, 33, 36 signfree position, 34 or 15 degrees of flexion position. 35, 37 The starting traction force ranged from 5 to 6 kg 33,35,36 and 9 kg, 34, 37 and was incrementally adjusted based on patient tolerance and symptom response.
All selected trials were judged by the reviewers to be clinically homogeneous, and meta-analysis was performed. For these studies, effect sizes and associated 95% CIs for the individual trials were calculated and were presented in a forest plot grouped according to treatment, followed by outcomes and follow-ups (Fig. 2) .
Quality Assessment
The methodological quality of the studies was assessed by the PEDro scale. Two evaluators independently judged all of the studies included in the review according to the scale criteria. Then, they compared their evaluation with the published PEDro scores, when available, and reached an agreement in the other cases by a meeting consultation with a third author (P.P.). Four studies reached the minimum score (6/10) to be considered of good quality. The range was from 5/10 to 7/10, with an average higher than this threshold (mean score = 6.6).
The 3 worst scored quality criteria on which all the studies failed to obtain a positive score were related to blinding, specifically the blinding of: 1) the physical therapists, 2) the patients toward the treatment, which was not possible given the type of treatment performed, and 3) the blinding of assessors. Concealed allocation of patients to groups Fritz et al 35 Aydin and Yazicioǧlu 36 Young et al 37 1) Eligibility criteria were specified. 1 1 1 1 1
2) Subjects were randomly allocated to groups. and data analysis according to the intention-to-treat method were found in 4 of 5 studies. The best favorable scored criteria for all studies were those related to the statistical analysis of the results, the randomization of subjects in the groups, and the initial comparability of the most important prognostic factors (Tab. 2). Table 3 shows the follow-up study findings for pain and disability with respect to the pooled effect size for intervention outcomes, 95% CI values, assessment of heterogeneity across studies (Q and I-square statistics), and Egger t test for potential publication bias. Forest plots for each outcome are shown in Figure 2 . Forest plots depict the effect size calculated for each study by outcome as well as the overall effect size obtained for the outcome across studies at each time interval. Forest plots also indicate whether the effects obtained in each study across studies favor the control group or the intervention group.
Outcomes of Intervention
Mechanical Cervical Traction Combined With Other Physical Therapist Interventions Versus Physical Therapist Interventions Alone
Pain. Four studies [33] [34] [35] 37 assessed this outcome in the short term (up to 3 months after the baseline) and 2 studies assessed this outcome in the mid term (from 3 to 6 months) and long term (from 6 to 12 months). 33, 35 In the 4 studies that assessed pain at short term, the overall effect size of mechanical cervical traction was large and significant (g = -0.85), with a range from -1.63 to -0.06. In the studies that assessed pain in mid term after the intervention, the overall effect size of mechanical traction was large and significant (g = -1.17), with a range from -2.25 to -0.10. At long-term follow-up, the overall effect size of mechanical traction was large but not significant (g = -1.30), with a range from -3.40 to 0.79. A high heterogeneity of findings appeared for the 3 outcomes: short-term pain, mid-term pain, and long-term pain (P < .05). A significant and negative Egger t test was found for the first of the 3 outcomes, although it was not possible to apply this test to the other outcomes due to the low number of studies.
Disability. Four studies [33] [34] [35] 37 assessed this outcome in the short term, and 2 studies assessed this outcome in the mid term and long term. 33, 35 In the 4 studies that assessed disability at short term, the overall effect size of mechanical cervical traction was large and not significant (g = -1.50), with a range from -3.50 to 0.51. In the studies that assessed disability from 3 to 6 months after the intervention, the overall effect size of mechanical traction was large and significant (g = -1.05), with a range from -1.81 to -0.28. At the longterm follow-up, the overall effect size of mechanical traction was large and not significant (g = -2.87), with a range from -7.79 to 2.06. A high heterogeneity of findings appeared for the 3 outcomes: short-term disability, mid-term disability, and long-term disability (P < .05). A significant and negative Egger t test was found for the first of the 3 outcomes, although it was not possible to apply this test to the other outcomes due to the low number of studies.
In summary, using GRADE criteria, this review found moderate-quality evidence that mechanical cervical traction combined with other physical therapy procedures is more effective in improving pain and disability than physical therapy procedures alone at short-term, mid-term, and long-term follow-ups (eAppendix 1, available at https:// academic.oup.com/ptj).
Manual Cervical Traction Combined With Other Physical Therapist Interventions Versus Physical Therapist Interventions Alone
Pain. Two studies 33, 36 of manual cervical traction assessed this outcome in the short term. The overall effect size of manual cervical traction was large and significant (g = -0.85), ranging from -1.39 to -0.30. A moderate heterogeneity of findings appeared for this outcome (P < .05). An Egger t test was not applied due to the small number of studies.
In summary, using GRADE criteria, there is low-quality evidence that manual cervical traction combined with other physical therapy procedures is more effective in improving pain than physical therapy procedures alone at shortterm follow-up (eAppendix 2, available at https://academic.oup.com/ptj).
Discussion
This review aimed to investigate the effectiveness of the traction added to physical therapy procedures for pain and disability in CR. Our meta-analyses demonstrated significant results of mechanical traction on the reduction of pain at the immediately posttreatment and 6-month follow-ups, based on moderate evidence according to GRADE criteria. With respect to manual traction, significant improvements in pain and disability were reported immediately posttreatment, although this finding is supported only by low-quality evidence according to GRADE criteria. We also found that the effects of mechanical traction on disability appeared to be large at different time intervals, but significant only at mid-term follow-up. We did not find a rationale to explain the differences among these results obtained at various follow-ups.
The results of our meta-analyses-albeit based on a literature judged as having low-to-moderate quality according to GRADE criteria despite the PEDro scores of individual studies-suggest that both mechanical and manual traction may be effective treatment for pain when added to various other physical therapy procedures in CR. Nevertheless, it is beyond the scope of the present review to determine whether mechanical or manual traction induces significantly different effects from each other. Physical therapy procedures that are most often combined with traction include physical modalities, passive mobilization, massage, stretching, and active exercises following a multimodal approach. Typically, implementation of a multimodal approach in the clinic proceeds first with passive modalities (eg, electrical modalities, soft tissue techniques, thoracic spine mobilization/ manipulation, stretching, traction) to prepare the neuromusculosketal tissues for more active intervention such as exercise. Such considerations of typical clinical practice in developing research protocols might enhance the ability to translate research findings into clinical protocols.
Judging the literature as a whole, only low-to-moderate-quality evidence is currently available to support the effectiveness of traction, both at short term and long term, for pain and disability. 17, 18, 38 However, the current literature does not indicate which physical therapy procedures are most effective in CR, either alone or when added to traction, despite the rigor of the studies we analyzed as indicated by PEDro score. Furthermore, we are unable to ascertain what impact the incorporation of newer procedures such as dry needling or acupuncture might have in future systematic reviews and meta-analyses.
To date, this is the first systematic review aimed to investigate the effectiveness of the traction added to physical therapy procedures for pain and disability in CR. Previous reviews investigated the effectiveness of noninvasive treatment for CR 17, 18 and compared the effects of active and sham traction. Salt et al 17 found that there was no statistically significant difference between the effectiveness of active and placebo traction in terms of pain, function, or disability, either at postintervention or at various follow ups. Thoomes et al 18 confirmed these results, concluding that a low level of evidence supported the lack of difference in effects between active and placebo traction. On the contrary, we found significant results of manual and mechanical traction, when added to other physical therapy procedures, on the reduction of pain at short-and mid-term. The reason for our different results may depend on 4 additional studies we included, 33-36 3 of which were published after the most recent review by Thoomes et al. 18 There is some variability in the number of treatment sessions used in studies on the effectiveness of physical therapist intervention for CR, including traction procedures, with number of sessions ranging from 7 to 15. The duration of each treatment session also varies, from 15 to 50 minutes. We can observe that some studies with a higher number of sessions and longer traction times [33] [34] 36 show better results for pain and disability, suggesting a potential dose-response relationship.
The results of our meta-analysis are relevant for clinical practice due to its external (i.e., ecological) validity because the treatments and the outcome measures included in our review are very similar to those more commonly used in a clinical context. Specifically, a mean number of 11 sessions, 15,39-41 a mean duration of the application force of 25 minutes, the use of traction in addition to other forms of physical therapist interventions, and the evaluation of pain and disability are typical in the treatment of patients with CR. Our search was extensive and used many databases without restrictions that can reduce the collected titles. Furthermore, the selection and qualitative assessment were made by 2 independent assessors.
The most important limitation of the present work is the lack of homogeneity in CR diagnostic criteria among the included studies. For example, in 1 study, the eligibility criteria were a chief report of neck pain with symptoms (pain or numbness) extending distal to the acromioclavicular joint or caudal to the superior border of the scapula. 35 In another one, the inclusion criteria were the presence of a disk herniation confirmed by imaging, dermatomal numbness, continuous or intermittent pain or discomfort persisting for more than 3 months, radiation of arm pain in the dermatomal areas, diminished deep tendon reflexes in the affected arm, and no spinal deformity. In addition, symptoms had to be modified depending on different movements or positions. Finally, inclusion criteria included a cluster of tests identified by Wainner et al. 21, 34 Therefore, the diagnosis of CR in some cases was intended to convey a clinical presentation as simply pain radiating to the arm, yet in other cases as a deficit of nerve conduction. Moreover, there was a lack of homogeneity of the underlying pathogeneses. These discrepancies could be considered as random errors and might influence the effect estimates. No included study adopted continuous traction, and therefore we cannot draw any conclusion on this method of traction application. Our study is unable to draw conclusions regarding standard duration and positioning of traction, which are likely key determinants of clinical outcomes.
Another limit of this review is related to small sample sizes in 2 studies with results favoring traction. Publication bias also is a potential limitation of any review. A strong publication bias, however, is unlikely in this review because studies in all languages and for any year of publication as well as studies from all countries were included. Using only clinical trials may have influenced the potential publication bias, but this approach allowed us to derive our conclusions using more rigorous studies according to PEDro scoring.
In light of our results, the current literature lends support to the use of the traction in addition to other physical therapy procedures for pain reduction, with less substantial impact on function and disability. Further studies should investigate the most effective traction method and dosage, the subgroups of patients with CR, or the pain stage (acute, subacute, or chronic) most benefited by this intervention and the physical therapy procedures that yield the best results when combined with traction.
